Objectives: Intraoperative consultation (IOC) remains an area of general practice even within subspecialized pathology departments. This study assesses the IOCs rendered in a general pathology setting where surgeons integrate these results in a well-defined algorithm, developed with the input of specialized pathologists.
Methods:
The surgical decisions to perform lymphadenectomy in patients with endometrial adenocarcinoma operated on at our institution between January 2003 and June 2015 as a result of the IOC assessment of tumor size, histologic grade, and depth of invasion in the hysterectomy specimen were analyzed.
Results: Frozen section (FS) was examined in 801 cases. In comparison to permanent section analysis, FS International Federation of Gynecology and Obstetrics (FIGO) grade had an overall accuracy of 0.95 (95% confidence interval [CI] , 0.93-0.98). The FS depth of invasion had an overall accuracy of 0.92 (95% CI, 0.89-0.94). FIGO grade was not documented in 47.8%, the depth of myometrial invasion in 45.2%, and tumor size in 41.8% of the pathology reports.
Conclusions:
The high omission rate of the needed parameters by the general pathologists would question their overall understanding of the paradigm shift intended by this algorithm. Possible explanations of this phenomenon and potential solutions are discussed.
Subspecialization has existed in pathology for a long time as a natural response to the increasing subspecialization in surgical and oncologic specialties. In addition, subspecialization offered a solution to the dilemma of increased workload, whether due to increased volumes or increased reporting requirements for various cancer and noncancer cases. 1 Currently, most North American academic departments of pathology have adopted some degree of subspecialization in their practice, with an increasing move to broaden its adoption into the community setting. 2, 3 With the wealth of experience accumulated by subspecialized academic pathologists, management decision algorithms have been increasingly dependent on the more detailed level of expertise rendered by this model. As a result, many of the more sophisticated algorithms currently in practice have interpretive data elements that have been designed, validated, and implemented by subspecialized pathologists who are experts in their specific field. There are rather limited published data on the feasibility, accuracy, or clinical outcome when these interpretive decision points are executed by general pathologists in scenarios where well-defined multidisciplinary decision algorithms are followed. For example, irrespective of where on the subspecialization spectrum a pathology practice stands, intraoperative consultation (IOC) remains an area of general practice even within some of the most subspecialized departments. The University of Minnesota has a large academic group of gynecologic oncologists who have incorporated, into their surgical treatment of type I endometrial cancer, the endometrial cancer staging algorithm developed jointly by the surgeons and subspecialized pathologists at Mayo Clinic. [4] [5] [6] According to this algorithm, patients who have International Federation of Gynecology and Obstetrics (FIGO) grade 1 or 2 endometrioid endometrial adenocarcinoma with myometrial invasion 50% or less, greatest surface tumor dimension 2 cm or less, and no intraoperative evidence of macroscopic disease outside the uterus can be surgically treated with hysterectomy alone. Using this algorithm, the decision to omit lymphadenectomy in this select group of patients with low-risk disease is made based on the preoperative determination of the tumor FIGO grade with subsequent confirmation based on frozen section (FS) analysis by the pathologist intraoperatively of FIGO grade, tumor size, and depth of myometrial invasion. The clinical applicability and appropriateness of this approach to patient care have been further validated by others. 7, 8 IOC service at the University of Minnesota has traditionally been provided by general pathologists. This situation has created an excellent opportunity to study the appropriateness of rendering IOC by general pathologists when interpretive decision points are integral to a well-defined management algorithm. The purpose of this audit was to evaluate outcomes after the adoption of a well-defined multidisciplinary decision algorithm, designed by subspecialized pathologists and executed by a group of general pathologists.
Materials and Methods
CoPath database (Sunquest, Tucson, AZ) was implemented in the Department of Pathology at the University of Minnesota in late 2002 and was used to identify cases for this practice audit analyzing all endometrial cancer cases between January 2003 and June 2015. We searched the tissue part type for hysterectomy and filtered the natural language search for adenocarcinoma. Then we further filtered our search for hysterectomy specimens with endometrial adenocarcinoma where an IOC was rendered. Nonuterine malignancies with metastasis to the endometrium or nonendometrioid endometrial cancers including carcinosarcomas were excluded. We identified 897 hysterectomy specimens that met the inclusion criteria. The IOC focused on nonendometrial sites in 82 cases (excluded) and was rendered on the endometrial tumor in the remaining 815. In 14 of these 815 cases, the IOC was rendered based on gross examination only. The remaining 801 hysterectomy cases had FS and were included in this audit.
Data abstraction occurred from CoPath pathology reports. FIGO tumor grade and depth of myometrial invasion reported intraoperatively were compared with those in the permanent sections. Tumor size documented intraoperatively was also captured but was not included in a comparison. When tumor size was captured as "tumor replaces the entire endometrium" or as ">2 cm," the case was counted as an actual reporting of tumor size.
Other data points collected included the surgeon, the IOC pathologist, the final pathologist, pelvic lymph nodes (total number and number of positive), periaortic lymph nodes (total number and number of positive), and the FIGO tumor grade in the preoperative specimen diagnosis when available. Since the algorithm studied handled FIGO grades 1 and 2 collectively in the same group, our accuracy calculations lumped these two grades together. Surgical and patient outcomes were obtained for patients with discrepant IOC and permanent results from the electronic medical records.
Point estimates of the proportions and Clopper-Pearson 95% confidence intervals (CIs) are presented for each scenario of the FIGO tumor grade and depth of myometrial invasion comparing the sensitivity, specificity, false negatives, and accuracy of the IOCs vs permanent section. Data analyses were conducted using SAS 9.3 software (SAS Institute, Cary, NC).
Results
This audit included 801 hysterectomy specimens where IOC was rendered on the endometrial tumor by means of FSs; 14 cases had gross examination only. Surgeries were performed by 18 gynecologic oncologists, and the IOCs were rendered by 16 general pathologists.
Of the 801 cases with FS, the pathologists did not document the tumor grade in the IOC portion of their final report in 383 (47.8%) cases. In 64 cases, the pathologist either did not diagnose adenocarcinoma on the FS submitted (58 cases) or diagnosed an endometrioid adenocarcinoma but deferred its FIGO grade (six cases) to permanent section. All 64 cases were FIGO grade 1 on permanent section. Findings regarding the documented FS FIGO tumor grade in the remaining 354 cases are summarized in Table 1 . The FS tumor FIGO grade had an overall accuracy of 0.95 (95% CI, 0.93-0.98). FIGO tumor grade 3 was undercalled in 11 patients. Of these, the surgeon proceeded with the staging lymphadenectomy in one patient due to a bulky tumor (3.0 cm) in the setting of a preoperative diagnosis of highgrade histology. The 10 remaining patients did not receive staging lymphadenectomy. Two of these 10 patients died of disease, 14 and 23 months postoperatively. A third patient had a lymph node recurrence 27 months postoperatively. The remaining seven patients had no evidence of disease after a median follow-up of 74 months.
Of the 801 cases with FS, the pathologists did not document the depth of myometrial invasion in the IOC portion of their final report in 362 (45.2%) cases. In 58 cases, the pathologist did not diagnose adenocarcinoma on the FS submitted. Findings regarding the documented FS of the depth of invasion in the remaining 381 cases are summarized in Table 2 . Of the 14 cases where the IOC was rendered by gross examination only, the pathologists did not document the depth of invasion in five cases. Findings regarding the documented depth of invasion by gross examination only are summarized in Table 3 . The FS depth of myometrial invasion had an overall accuracy of 0.92 (95% CI, 0.89-0.94). Deep myometrial invasion (>50%) was undercalled in 25 cases. Staging lymphadenectomy was performed in 20 of these patients due to large tumor size or a FIGO grade 3 diagnosis. The remaining five patients had both preoperative and FS diagnoses reflecting FIGO grade 1 tumors; therefore, lymphadenectomy was not performed despite intraoperative documentation of tumor sizes greater than 2 cm. None of these five patients had tumor recurrence after a median follow-up of 70 months.
Of the total 815 cases with IOC (gross or FS), the pathologists did not document the tumor size in 341 (41.8%) cases. The tumor size documented in the final report was measured intraoperatively. Accordingly, tumor size was not further analyzed, but the rate of its omission was recorded.
Staging lymphadenectomy was performed on 553 (69.0%) of the 801 patients with FS diagnoses. Positive pelvic lymph node metastases were detected in 44 patients and periaortic lymph nodes were positive in 18 patients. Fifteen of the 18 patients with positive periaortic lymph nodes also had positive pelvic lymph nodes, while in the remaining three patients, pelvic lymph nodes were negative. Forty-three patients had tumor size less than 2 cm in the greatest dimension, measured intraoperatively. Of these, one patient had more than 50% myometrial invasion, and another had a FIGO grade 3 tumor. The remaining 41 patients with tumors less than 2 cm, myometrial invasion less than 50%, and FIGO grades 1 or 2 all had staging lymphadenectomy.
Discussion
For decades, the depth of myometrial invasion by endometrial adenocarcinoma has been recognized as a predictor for lymph node metastases. 9 Consequently, it has become standard practice to obtain pathologic intraoperative assessment of endometrial adenocarcinoma hysterectomy specimens, by FS and gross examination, 10 to guide surgical decision making by the gynecologic oncologist regarding indication for staging lymphadenectomy. Investigations led by Mariani and colleagues 4, 5 at the Mayo Clinic intended to identify low-risk endometrial cancers in which lymphadenectomy was not necessary. 6 This research, which has been further validated by others, focused on streamlining the surgical approach and optimizing adjuvant therapy to improve patient outcomes. 7, 8 It was developed with the input of highly specialized pathologists who worked closely with their clinical colleagues to systematically evaluate hysterectomy specimens. Although there is an acknowledged estimated intrinsic failure rate of 2% in the FIGO grading of endometrial cancer, this algorithm became widely adopted across many medical centers in North America. 11 For pathologists, this work has shifted their paradigm from a single metric capture, which was rather objective (ie, depth of myometrial invasion), to the provision of multiple interpretive data elements that have become integral to a welldefined management algorithm. These elements included the preoperative tumor grade, which may or may not be reviewed in the center where surgery is conducted; the FS confirmation of the tumor grade; the intraoperative depth of myometrial invasion; and the measurement of tumor size. In this audit, the 16 general pathologists who carried out this task from January 2002 to June 2015 did not document the tumor grade in 47.8%, the depth of myometrial invasion in 45.2%, and the tumor size in 41.8% of cases; all these are metrics needed to execute the well-defined multidisciplinary decision algorithm. The diagnostic accuracy of the pathologists' FSs was rather appropriate. While the general pathologists were able to deliver the specific interpretive tumor metrics with high precision, the high omission rate of the needed parameters would question their overall understanding of the paradigm shift introduced by this algorithm. Several quality assurance publications have addressed the reliability and/or accuracy of FS assessment of FIGO tumor grade and depth of myometrial invasion compared with the findings reported on permanent sections with slightly conflicting results. [12] [13] [14] [15] Our data showed accuracy of FS reporting during the period audited, falling within the published range and exceeding that reported in several of these series. We conclude that the general pathologists' diagnostic skills pertaining to the specific metrics that were deemed necessary by the subspecialized team were supported by the accuracy rates of their results in this audit. However, their consistency in documenting these findings is not supported by the high omission rates witnessed in their reports. There are several possible explanations for this phenomenon. First, there may be a generalized lack of awareness among general pathologists regarding the paradigm shift from the need to report a single objective metric to the provision of multiple interpretive data elements integral to a welldefined decision algorithm. Findings from this audit indicate a need to develop reproducible, efficient tools to help facilitate the adoption of similar surgicopathologic algorithms among practicing pathologists. Checklists could be an easy solution in which a general pathologist is reminded, in this scenario for instance, to document the FIGO tumor grade, depth of myometrial invasion, and tumor size consistently on every endometrial cancer hysterectomy specimen intraoperatively. There are ongoing clinical situations where subspecialized pathologists, working closely with their clinical specialists, have developed and will continue to develop multidisciplinary interpretation-dependent management algorithms. Designing companion checklists to be used with the wide adoption of these models by general pathologists could be an effective strategy. Second, another factor that would contribute to the high omission rate seen in this particular audit is the fact that, while the Mayo Clinic's approach was a well-defined multidisciplinary decision algorithm, it was not consistently adopted over time by the 18 members of the gynecologic oncology team, and it has been implemented only as an overarching divisional policy in the past 2 years. Consequently, the various data elements needed in order for this model to work were not consistently requested from pathology.
Alternatively, these pathologic criteria may have been communicated to the surgeon verbally but not necessarily documented in the actual pathology report. In the setting of a complex disease process in which surgical decision making reflects a multidisciplinary decision algorithm, such inconsistencies in practice need to be avoided.
As a patient safety initiative, we have implemented a workflow modification into our IOC reporting whereby the pathologist directly enters his or her interpretation in CoPath and signs it out as an addendum that crosses from the laboratory information system to the electronic medical record prior to finalizing the pathology report. This project was led by one of the authors (M.E.K.) to improve communication with the surgeons in real time intraoperatively by adding the visual documentation of diagnoses to reduce the probability of miscommunication created by the verbal diagnosis alone. With more sophisticated programing, an organ-specific IOC checklist can be automatically inserted in the IOC section, filtered by the part type and keyword diagnosis (eg, adenocarcinoma), to remind the pathologist of all the necessary data elements needed in a given clinical scenario. The system can also block the sign-out and release of an incomplete checklist intraoperatively to ensure consistent reporting.
In summary, this audit suggests that while the general pathologists were able to deliver the specific interpretive tumor metrics with high precision, a high omission rate of the needed parameters did exist. To improve the consistent reporting of these clinically relevant parameters, implementation of systemwide electronic checklists would ensure the standardized capture of these important pathologic metrics in an effort to improve patient outcomes and individualize treatments.
